Introduction: A Quantitative Food Frequency Questionnaire (QUEFAC) was developed by Hinnig et al. (2010) to evaluate the usual food consumption of children 7 to 10 years old, since those developed for adults may overestimate the consumption of children. However, its validity and reproducibility must be tested to assert that the instrument has a recognized quality.
The increasingly early onset of chronic diseases in children is influenced by erroneous dietary practices. This makes it necessary to monitor dietary indicators that assess the habitual food consumption in this age group, with specific instruments that perform this monitoring 1 . The most common methods for monitoring the food consumption are the Food Record (FR), the 24-hour Food Recall (R24h) and the Food Frequency Questionnaire (FFQ). The FR estimates habitual consumption and should be completed for a long period in children, which requires high cooperation and parents' help, in addition to previous training to complete the registry. The R24h should be completed for several days to gain a representation of usual diet. The standardization and data analysis of the R24h and FR makes it difficult for them to be used for a large number of individuals 2 . Evaluation of usual diet can be performed by a single application of a specific FFQ for children. Internationally, there are few FFQs designed for children 7 to 10 years old 1, [3] [4] [5] . In Brazil, the study by Scagliusi et al. 6 developed an FFQ for a population of school children from the Brazilian West Amazon, and the study by Matos et al. 7 created an FFQ for children aged 4 to 11 years from Salvador, Bahia. To our knowledge, there is no FFQ designed to investigate the habitual food consumption
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that contains foods with portions commonly consumed by school-age children in the State of São Paulo.
After the development of instruments that assess food consumption, including the FFQ, it is necessary to evaluate their validity and reproducibility to determine sources of errors inherent to their use. That is to say, the adequacy of the food list questionnaire, and the adequacy of the average assumed nutrient value for each food item and portion size 8 . Hinnig et al. 9 proposed a Quantitative Food Frequency Questionnaire (QUEFAC) for children in São Paulo, aged 7 to 10 years, to evaluate habitual consumption, over three months, of energy and macronutrients. Details of the QUEFAC development are described by Hinnig et al. 9 . After a pilot study, the QUEFAC was adapted; it consists of 76 food items and eight consumption frequency options. Only after evaluating the reproducibility and validity of the QUEFAC can the instrument is recognized as a quality tool to be used in the evaluation and monitoring of food consumption changes in longitudinal studies on lifestyle and health at school age.
The objective of this study was to evaluate the reproducibility and validity of the QUEFAC in children aged 7 to 10 years.
Study type
This was a methodological study.
Study population
The reproducibility and validity studies were carried out with children aged 7 to 10 enrolled in public schools in Araraquara / SP and São Paulo City, respectively.
For both studies, the sample size was calculated to be 93 children, using the formula proposed by Machin et al.
10
, with a test power of 0.9, an α= 5% and an expected minimum correlation coefficient of 0.3. However, in anticipation of possible sample losses, it was decided to select twice as many children (approximately 180).
Inclusion criteria
Children aged 7 to 10 years old, who had an Informed Consent Form signed by their parents or guardians were included in this study.
Exclusion criteria
Children younger than 7 and older than 10 years and 11 months were excluded from this study. Children with a cognitive impairment or those who did not have sufficient cognitive ability to respond to the questionnaires were also excluded.
Reproducibility study
The reproducibility study was carried out in April 2013 in the city of Araraquara, with children aged 7 to 10 years old. The children were selected by two-stage cluster sampling, in which four out of eleven schools were randomly selected and then two grades from each school were selected. Of the total of 179 children in the sample, twelve were outside of the study's age of interest and were excluded. Of the 167 eligible children, 114 (68.3%) provided the signed Informed Consent Form; of those 114 children, 20 were unable to respond to QUEFAC, one child left due to illness, two were transferred from school and two were excluded for having food consumption larger than 5000 kcal. The final sample consisted of 89 children.
To characterize the sample, a Socioeconomic Questionnaire was sent to the parents or guardians to fill out. This questionnaire was proposed by the Brazilian Association of Research Companies11 and classifies families into social classes according to the Brazilian Economic Classification Criteria (BECC).
The reproducibility evaluation was performed through the application of the QUEFAC at two times, with an interval of 15 days between applications. The QUEFAC was completed via interview, during school hours, and was administered by trained researchers.
Details of the design of the QUEFAC are described in Hinnig et al.
9
. The QUEFAC consists of 76 food items and eight consumption frequency options (≥ 2 times a day, 1 time per day, 5 to 6 times per week, 2 to 4 times per week, 1 time per week, 2 to 3 times per month, once a month and never). Each proposed food item has three portion size options that correspond to a small, medium, and large portion size. In completing the QUEFAC, children should respond to how often they consumed a portion of a given food item in the last three months prior to its application.
In order to assist children in reporting quantity, commonly used utensil measures, such as spoons, mugs, cups, skimmer, tongs and ladle were used. A photo album of food portions, developed by Zabotto et al. 12 was also used typed in the NutriQuanti* software and QUEFAC was coded and typed in duplicate in DietSys version 4.01.
Statistical analyses
Descriptive analyses were performed for sex, age and socioeconomic level. The mean and standard deviation of age, and the proportions of children in each age group, sex and socioeconomic level were calculated.
Food consumption data from the QUEFAC and R24h were adjusted according to the model proposed by Willett and Stampfer 13 . The R24h data were also adjusted for variability. Energy and nutrients were evaluated according to adherence to the normal curve by the KolmogorovSmirnov test. In the reproducibility study, lipid, saturated fat and cholesterol were transformed by logarithms; vitamin C data was analyzed without transformation, using nonparametric testing. In the validity study, cholesterol was transformed by logarithm and the vitamin C was analyzed without the transformation.
To evaluate reproducibility, the adjusted energy and nutrient means of the first QUEFAC were compared to the adjusted values of the second QUEFAC using the paired t-test or Wilcoxon. For validity, the adjusted energy and nutrient means of the three R24h were compared to the adjusted values of the QUEFAC using the same analyses.
For reproducibility and validity, intraclass correlation coefficients and 95% confidence intervals were calculated. In the reproducibility study, energy and nutrient data were classified into consumption tertiles. In the validity study, energy and nutrient data were classified into consumption quartiles and the weighted Kappa coefficient was calculated to verify agreement. Bland-Altman plots were also used to verify the presence of bias and the random distribution of data in the validity study.
Data analysis was performed in Stata, program version 10.0.
The present study was approved by the Research Ethics Committee of the School of Public Health of the University of São Paulo (COEP / FSP-USP) (protocol 0152.0.207.207-11).
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to assist children to report quantity. A board describing the consumption frequency options contained in the QUEFAC was used at the time of the interview to assist the children in reporting their frequency of consumption. Children who failed to respond to the QUEFAC, for not being able to report their frequency of food consumption, were excluded from the study.
Validity study
The validity study was conducted from August to December 2013 with children aged 7 to 10 years old. All eligible children who were enrolled in the 2nd to 5th year of elementary school at two public schools in the city of São Paulo were invited to participate in the study. Of the 380 children who met the inclusion criteria, 221 (58.2%) participated in the study by providing an Informed Consent Form signed by their parents or guardians. Of these 221 children, 3 were excluded due to disabilities that made it difficult to interview them. In addition, 1 child moved from the city, 1 was transferred from school and 49 were excluded or unable to respond to the QUEFAC or R24h. Thus, the final sample of children who were able to respond to QUEFAC and to the three R24h was 167.
At both schools, two trained researchers conducted data collection during the school period. To evaluate the validity of the QUEFAC, the application of three R24h questionnaires was used as a reference method, where one application encompassed the weekend. The R24h questionnaires were applied approximately 1 month apart. The QUEFAC was completed at the same time as the 2nd R24h to capture the usual diet of the last three months. Children who did not respond to the three R24h questionnaires were excluded.
A similar strategy to that used in the reproducibility study to assist in reporting food quantity and frequency was used in the validity study. The children who failed to respond to the QUEFAC, for not being able to report their frequency of consumption, were excluded from the study.
The R24h questionnaires were standardized and
The reproducibility study sample was composed of 89 children, 65.2% were female, 32.6% were 8 years old (mean = 9.1 years, sd = 1.08) and 65.6% were in class C (average salary of R$ 1,147.00 to 1,685.00 -equivalent to USD$ 347.2 to 510.37). In the validity study, 57.5% of the sample were female, 70.6% were aged 8 to 9 years old (mean = 9.2 years, sd = 0.85) and 48.4% were in class C. Tables 1 and 2 show the reproducibility results. Statistically significant differences were observed for energy and for all nutrients evaluated, with the means being higher in the 1st QUEFAC. Intraclass correlation coefficients (ICCs) ranged from 0.12 for lipids to 0.54 for calcium, and no statistically significant correlations were found for lipids, carbohydrates, vitamin C and cholesterol (Table 1) . Approximately 44% of the children were classified in the same tertile of consumption by both applications of the QUEFAC. The weighted Kappa coefficients varied from 0.01 for lipids to 0.39 for zinc (Table 2) . Tables 3 and 4 show the results of the validity study. The nutrient averages were found to be significantly different between methods, except for energy and zinc (p = 0.538 and p = 0.496, respectively). ICCs ranged from 0.00 for saturated fat and 0.37 for vitamin C, showing statistically significant weak correlations for energy, protein, calcium, phosphorus, sodium, potassium, magnesium, vitamin B2, vitamin C, and retinol (Table 3 ). Approximately 70% of the children were classified in the same quartile or with a difference of 1 quartile. The weighted Kappa coefficients ranged from 0 for lipids to 0.27 for retinol and were statistically significant for energy, protein, calcium, phosphorus, potassium, magnesium, vitamin B2, vitamin C and retinol (Table 4) .
Bland-Altman plots were plotted to verify the agreement between the energy and nutrient values of the QUEFAC and R24h. An increase in the difference between the methods, with an increase of the average consumption for energy, proteins, iron, potassium, vitamin B6, magnesium and cholesterol was observed. For the other nutrients, the graph showed a random distribution (data not shown). The present study verified the reproducibility and validity of a quantitative FFQ developed specifically for children aged 7 to 10 years old in the State of São Paulo. Four main results can be drawn from this study: 1) in general, the energy and nutrient averages evaluated by the first application of the QUEFAC were higher than those evaluated by the second application of the QUEFAC; 2) moderate reproducibility for energy, protein, calcium, phosphorus, iron, potassium, magnesium and vitamin B2 were observed, reproducibility was not observed for other nutrients; 3) the QUEFAC is not indicated to represent the mean of the group consumption for the majority of the investigated nutrients, with the exception of energy and zinc; 4) the QUEFAC was not valid for evaluating the habitual diet of the last three months in children aged 7 to 10 in São Paulo.
Nutrients
Unsatisfactory reproducibility and validity results have been verified in FFQs developed for children, including those aged 7-10-years old. Studies have shown mean correlation coefficients for reproducibility that do not exceed 0.5 1, 3, 5, 14 , and for validity the average coefficients are even smaller and do not exceed 0.4 3, 5, 7, 14 . Several factors regarding the unsatisfactory results of reproducibility and validity should be considered, among them the lack of agreement in the literature regarding a satisfactory correlation coefficient. Block et al. 15 , Romieu et al. 16 and Willett 8 suggest coefficients of 0.3 to 0.7, 0.2 to 0.5 and 0.4 to 0.7, respectively. Other factors are the lack of a gold standard as a reference method for food consumption and the nature of the methods compared. The FFQ is an instrument to measure usual diet and the FR and R24h are methods that measure current diet, where the latter applied for several days then represents the usual diet of FFQ
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. Moderate reproducibility (ICCs between 0.4 and 0.54) was observed for energy, proteins, calcium, phosphorus, iron, potassium, magnesium and vitamin B2. The ICCs in this study (ICC = 0.12 to 0.54) were higher than those reported in a study by Watson et al. 14 with children in Australia, aged 9 to 16 years (r = 0.32 to 0.44), and lower than those observed by Arnold et al. 3 with children aged 7 to 12 years (r = 0.11 to 0.69). The mean of the ICC in the reproducibility study was 0.36, which was higher than that observed in a study by Watson et al. 14 (r = 0.32) and a study by Preston et al. 5 (2011) with students from the 5th year of Puerto Rico, Mexico (r = 0.21). The low correlations found (<0.4) can be explained by the great variability in intrapersonal consumption and it does not necessarily imply a non-replicable instrument, but it has not provided stable measures over time
18
. The differences in means observed for all nutrients in the reproducibility study imply an inaccuracy of the QUEFAC in estimating the mean of the group. In addition, higher mean values of nutrients were observed in the first application of the QUEFAC compared to the second application, similar to results found in the literature 5, 19 . However, Gibson 17 reports that the observation of statistically equal means between applications does not indicate good reproducibility of the method, but rather the confounding effect of large intrapersonal variation, which can also be justified in the present study.
extremely difficult when it comes to food consumption since it requires knowledge of actual consumption. If actual consumption values are not available, investigators have to validate their method with a better accepted method, which, in turn, is not validated against the truth. Therefore, according to the definition of validity, it is debatable whether past studies, and the present study, validated an FFQ or simply compared consumption methods.
In addition, the FFQ and the method used as a reference diverge in their nature. The FFQ is a method to measure usual diet, while the R24h measures the individuals' current diet. For this reason, it is unknown whether the methods actually measure food consumption in the same time frame.
Several limitations existed in this study. Although care was taken to avoid food duplicity in food items at the time of development of the QUEFAC, some foods could have been duplicated as they were ingredients of prepared foods that were also part of the QUEFAC. Thus, overestimating consumption could have occurred, which was also discussed by Sahashi et al. 23 when validating an FFQ in 6 years old children.
Another limitation is the reporting of food consumption by children in this age group, where, due to cognitive immaturity a high number of children were unable to respond to QUEFAC (n = 54), especially when they were asked to report their frequency of consumption. Data were not analyzed for the children who did not report frequency; date was analyzed only for those children who, at the time of the interview evaluation, had at least a "Regular" reporting of frequency of consumption. It is possible that the interviews with the parents obtained better results of reliability and validity; however, the parents did not accompany their children at all times and many children attended full-time school, which may also imply inaccuracies. This makes the decision regarding the best respondent for this age group controversial 24 . The present study contributes to the area of Nutritional Epidemiology, specifically to the evaluation of food consumption instruments, where this was the first study that verified the reproducibility and validity of a quantitative FFQ developed specifically for children aged 7 to 10, with portions commonly consumed by this age group, in the State of São Paulo,. Although the results of the validity and reproducibility of the QUEFAC were not adequate for its use, this study contributed to a discussion on the evaluation of sources of errors inherent in this instrument. That is, the possibility of adequacy of the questionnaire's own food list, the adequacy of the average value of the nutrients assumed for each food item, and the sizes of portions of the food. After the adjustments indicated, the QUEFAC can be used to evaluate and monitor the habitual consumption of school-age children and contribute to the evaluation and planning of public policies.
Recent proposals to improve methods of investigating food consumption in children have suggested the concomitant use of the FFQ with the R24h, which brings a new perspective to the use of the FFQ in epidemiological studies 25 . Although the QUEFAC did not Kappa values in the reproducibility assessment (0.01 to 0.39) were lower than those found by Watson et al. 14 (0.36 to 0.54), demonstrating the lack of precision of the QUEFAC in classifying children by levels of consumption. At one point, a child can be classified as having a high nutrient intake and, at the second application, can be classified as having a low intake of the same nutrient, which implies that QUEFAC is imprecise in classifying children into consumption levels.
High reproducibility values are also questioned by Beaton 20 , who discusses whether correlations found are due to subjects repeating the same errors, rather than consumption being relatively constant over a period.
In the validation study of the QUEFAC, variations of the calculated intraclass correlation coefficient (ICC = 0 to 0.37) were lower than those reported in the literature 3, 6, 14, 21 , but higher than those observed by Matos et al. 7 with children in Salvador, where variation ranged from 0.14 to 0.29. Kobayashi et al. 4 , Watson et al. 14 (r = 0.39) and Scagliusi et al. 6 (r = 0.46) found a mean correlation coefficient for their food frequency questionnaires higher than that observed in the present study (r = 0.16). A similar mean of 0.21 was found by Matos et al. 7 and a lower mean of 0.10 was verified by Preston et al. 5 . Due to the large variation of the intrapersonal difference 4 , the low correlations that were found reflect a low linear approximation relationship among the methods. According to Nelson 18 and Gibson 17 , when the correlation is low, there is an increase of poorly classified people at the top or extremes of the consumption distribution, which suggests that at least one of the methods is not valid. Thus, the sensitivity of the questionnaire may be so weak that it may fail to demonstrate associations between diet and disease. On the other hand, good agreement between methods does not necessarily indicate validity, since agreement may be due to both methods presenting similar errors.
Serdula et al. 22 suggested that the FFQ is better for classifying individuals into consumption categories, rather than quantifying their habitual consumption. In this case, QUEFAC, in the validity study, showed a low agreement to classify individuals accurately into quartiles of consumption, as observed by weighted Kappa values that did not exceed 0.40, which was similar to values observed by Watson et al. 14 and Matos et al. 7 . According to Block 15 , for epidemiological research, the FFQ should at least have a good enough agreement to classify individuals correctly into low, medium and high consumption categories for a certain nutrient to verify which individuals are at higher risk for a certain disease based on observed consumption.
The mean difference test between R24h and QUEFAC was statistically significant for all evaluated nutrients, with the exception of energy and zinc. Similarly, Matos et al. 7 , observed a statistically significant difference between the averages for all the evaluated nutrients. Therefore, for most of the nutrients investigated, the QUEFAC was not valid for representing the average consumption of the group, which implies that the QUEFAC is not appropriate in studies that relate the prevalence of diseases with consumption in different groups 18 . Block 15 describes that verifying validity is show satisfactory validity in evaluating habitual diet when applied alone, one can discuss the possibility of evaluating its psychometric properties when it is used concomitantly CONCLUSION with R24h, having the child as respondent and, in a second analysis, the parents, to verify the best respondent of the method.
In conclusion, QUEFAC was not valid for evaluating the usual diet of the last three months in children aged 7 to 10 in São Paulo. The method overestimated most of the nutrients investigated and did not reflect the group mean for all nutrients, except for energy and zinc; it showed poor agreement in classifying children into quartiles of consumption. In addition, the QUEFAC presented moderate reproducibility in reporting energy, proteins, calcium, phosphorus, iron, potassium, magnesium and vitamin B2.
